form in the reeler mouse.
are present in their cytoplasmic tails. (Frykman et al., 1995) .
Here, we demonstrate that mDab1 specifically interacts extracellular domains, all three receptors also share a high degree of homology in a region within their cytowith the cytoplasmic tails of the VLDLR and ApoER2. Using gene targeting in mice we show that both of these plasmic tails containing the NPxY endocytosis signal to which mDab1 likely binds. To explore whether mDab1 receptors are required for cortical layering, cerebellar foliation, and the migration of Purkinje cells. mDab1 also interacts with the VLDLR and ApoER2, we tested scrambler mice. Male apoER2 Ϫ/Ϫ mice showed reduced (in the following also referred to as "double knockout"). Between P13 and P15, neurological symptoms develfertility. A detailed analysis of this phenotype will be reported elsewhere.
oped, characterized by progressive ataxia, wide gait, and tremor. When they tried to walk, double knockout To explore whether LDL receptor, VLDLR, and ApoER2 share overlapping functions, we generated lines of douanimals frequently flipped on their backs. By P20, double knockout mice were clearly smaller than their unafble knockout mice lacking combinations of these receptors. Of these three combinations, only mice lacking fected littermates ( Figure 2C ). Progressive hind limb paralysis also developed between P16 and P20, and most both the VLDLR and the ApoER2 presented with a neurological phenotype. Around day 10 after birth (P10), failure double knockout animals died shortly afterward. On autopsy, their brains ( Figure 2E ) were smaller than those to thrive became apparent in vldlr Ϫ/Ϫ ;apoER2 Ϫ/Ϫ mice of wild-type animals of the same age ( Figure 2D ). This it was difficult to distinguish the individual layers 2-6 (c). In contrast to the vldlr knockout, however, the neurons difference was most apparent for the cerebellum (indicated by the arrow), which in the double knockout was appeared to be packed into tight horizontal layers. Finally, in double knockout brains (d), individual cortical present only in a rudimentary form. layers were no longer distinguishable, and a large number of cell bodies were present in layer 1. Figure nated from the hippocampal neurons in wild-type (i) and To determine whether in mice lacking VLDLR, ApoER2, single knockouts (j and k), but not in the double knockor both proteins cortical lamination is affected in a way out (l), emphasizing the disarray of this neuronal cell similar to that seen in reeler and mDab1-deficient mice, population. In the overlying cortex, MAP-2-positive neuwe prepared histological sections of their neocortex ronal processes were arranged in a radial pattern that ( Figure 3B ). In the wild type, the six neuronal layers were spanned layers 2-6 in the wild-type (m), but was absent easily distinguishable by H&E (a). Layer 1 is normally from layer 1 (arrow). In vldlr Ϫ/Ϫ cortex, similar radial profree of cell bodies. Layer 5 contained easily recognizjections were present, but more diffuse staining was able, large pyramidal neurons. In vldlr Ϫ/Ϫ mice, layer 1 also seen in layer 1 (n). In the apoER2 knockout, this was also cell free; however, the remaining layers were radial pattern was poorly developed (o), while it was no longer clearly separated, and the neurons were arcompletely absent in the disorganized double knockout ranged in a striking radial pattern (b). This lamination defect was more pronounced in apoER2 Ϫ/Ϫ mice, where cortex (p). from completing their migration and causes a partial inversion of the layers in the neocortex. As a result, the The present findings are consistent with all these models, but they also indicate that neuronal migration large and easily identifiable pyramidal neurons end up in a relatively ordered, but more superficial layer than along radial glia is more complex than these current models suggest. We have shown that VLDLR and the layer 5 in which they normally reside. Furthermore, in VLDLR-deficient cortex, neurons are ApoER2 are both required for normal neuronal migration. Both receptors coordinate the development of the strictly radially aligned, and although they apparently have reached their normal assigned layer, they have cortex and of the cerebellum; however, the phenotype failed to distribute within that layer. In contrast, in complex in which another Reelin-specific receptor induces tyrosine phosphorylation of mDab1 bound to their ApoER2-deficient cortex, there is no recognizable radial pattern, and neurons instead are packed into tight concytoplasmic tails ( Figure 8B ). In the simplest model, Reelin and other extracellular matrix or glial surface composecutive horizontal layers. In the absence of either VLDLR or ApoER2, neurons do not invade layer 1, in nents could induce the receptors to cluster into a complex. This would allow for transphosphorylation of contrast to the double knockout and to reeler and mDab1 mutants ( 
